Each of our cells contains a full set of instructions needed to make an entire human: the genome. But a few special species buck this trend. A new study now identifies the first germline-specific gene in zebra finch, one of a small number of vertebrates that are known to undergo developmentally programmed DNA elimination.
Over the course of our lives we produce trillions of cells, maybe a quadrillion if we're lucky, and each of those cells inherits the same set of chromosomes that were passed to us from our mother and father. There are exceptions of course. Our red blood cells contain no chromosomes and our immune cells undergo local changes that permit the production of diverse antibodies. But generally, you get what you get. Unless you're a finch.
Or a roundworm, ciliate, copepod, hagfish, lamprey . [1] . Not every species lets every cell have a full complement of chromosomes; a few species have been identified that retain some chromosomes only in their germ cells and eliminate, or reorganize, those portions of the genome in all other cell types ( Figure 1 ). These evolutionarily convergent mechanisms of developmentally regulated genome reorganization are often termed 'chromatin diminution' or more generally 'programmed genome rearrangement' (PGR). Examples of programmed rearrangements within the vertebrates are particularly fascinating because they manipulate genomes that possess a complement of genes and regulate cellular/developmental biologies similar to our own. A new paper by Biederman et al. [2] in this issue of Current Biology provides a first foray into understanding the outcomes of programmed deletions in one vertebrate -zebra finch (Taeniopygia guttata) -by beginning to resolve the gene content of its germlinerestricted chromosome.
Studies of species that undergo PGR have the potential to provide insights into biology that might be more difficult to glean from species with 'normal' genomes. In the late 18 th century, observations of chromatin diminution in parasitic roundworms (Parascaris equorum) by Theodore Boveri provided critical support for germ plasm theory, which was an essential concept that was seemingly a necessary step toward ultimately resolving the chromosomal basis of heredity [3] [4] [5] . Recent studies have also used species that undergo programmed genome rearrangement to gain insights into biological differences between germline and soma, by focusing on the genes that are encoded within germline-restricted DNA. Analyses in the vertebrate (sea lamprey [6] ) and invertebrate (roundworm [7] ) systems indicate that germline-specific genes likely contribute directly to the development and maintenance of the germline, and suggest that elimination of these genes prevents deleterious effects that could arise from their misexpression in somatic tissues. The relatively recent discovery of a germline-restricted chromosome (GRC) in zebra finch [8] is particularly notable because it provides an example of PGR in the amniote lineage. This chromosome should therefore contain a collection of germline-specific genes that is particularly relevant to understanding human biology. The GRC is the largest chromosome in the finch genome (visually) and likely contains in excess of 150 megabases of DNA.
Given the relatively incompact chromatin state of the GRC in oocytes and not to mention its sheer size, it seems likely that the GRC contains several genes that function in the finch germline. The GRC is notably absent from all finch genome assemblies that have been published to date [9, 10] and only a single non-coding sequence had been isolated from the GRC prior to the analyses presented by Biederman et al. [2, 11] . This sequence was found to be homologous to sequences on one of the larger finch chromosomes (chr 3), suggesting a potential evolutionary origin for the large GRC.
Dissecting the evolutionary origins and function of the GRC will clearly require a more extensive knowledge of the genes that it encodes. Toward this end, Biederman et al. [2] leveraged existing genome resources and new transcriptional data from zebra finch to identify genes that might be encoded on the GRC. This hierarchical analysis identified a single gene (a-SNAP) that was localized to the GRC. Moreover, they demonstrated that this gene is expressed in the germline (particularly the ovaries) and that the gene and its paralog show evidence of long-term diversifying selection. Intriguingly, this opens the door to the possibility that the GRC originated deeper within the avian lineage than had previously been presumed.
These findings provide a tantalizing first glimpse into the gene content of the finch GRC and provide a first insight into the function of the chromosome. It seems certain that there are more genes to be found on this chromosome that will shed light on how functions encoded by the GRC have evolved in a germline-limited selective environment and how it arose over evolutionary time. Our work in lamprey suggests that germline-specific genes are eliminated from somatic tissues in order to prevent the activation of a subset of molecular pathways that could potentially lead to the development of cancer [6, 12] . Given its relatively recent evolutionary origin within the vertebrate lineage, it is interesting to speculate that the GRC might provide its own unique and highly informative perspective on vertebrate cancer biology. Or, it's altogether possible that the GRC evolved in zebra finch for completely different reasons.
Presumably the GRC initially arose from a normal autosome, or perhaps pieces of different autosomes, within the last several million years. Early studies suggested the possibility that the GRC arose from one of the larger chromosomes (chr 3), which is consistent with the observed large size of the GRC. The identification of an a-SNAP paralog on the chromosome suggests that the story may not be so simple. Alignment to a newly assembled draft of the zebra finch genome [10] reveals that the zebra finch a-SNAP gene appears to be on scaffold MUGN01000615.1, which aligns to the chicken chromosome 32 (GG32) superscaffold, as well as several other unlinked scaffolds that have been assigned to GG32, including one unlinked scaffold that contains the chicken a-SNAP gene (Figure 2) . Notably, GG32 is 
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An abridged phylogeny showing taxa that undergo programmed deletions or rearrangements that differentiate germline vs. somatic lineages. This phylogeny focuses on lineages with species known to undergo programmed genome rearrangements and omits several major lineages, including several animal lineages, fungi and plants. Divergence estimates are from [14] . MYA, million years ago; BYA, billion years ago. Genes on chicken chromsome 32 (unlocalized scaffold) Figure 2 . Conservation of the zebra finch a-SNAP genomic interval.
Depicted is an alignment of the zebra finch somatic a-SNAP containing scaffold to the chicken genome.
The zebra finch scaffold [10] shows strong homology to chicken chromosome 32 (a microchromosome) [15] , suggesting that material from this microchromosome may have contributed to the evolution of the GRC.
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Current Biology Dispatches a microchromosome in chicken and possibly also in zebra finch. This suggests that at least two chromosomes may have contributed to the GRC over its evolutionary history, although more sequencing is clearly needed in order to reconstruct the evolution of this intriguing chromosome. Additional sequencing may also help shed light on the molecular mechanisms by which the GRC is reproducibly eliminated from somatic tissues. It is known that several epigenetic changes are associated with elimination of the GRC from sperm (the chromosome is thought to only be transmitted by the female) [13] . However, it seems that some aspect of the sequence of the GRC must differentiate it from the other retained chromosomes and mark it for elimination in the embryo. Resolving the primary sequence of the GRC, changes in the localization of epigenetic marks during early embryogenesis and other GRC sequence-specific interactions should begin to resolve the mechanisms by which zebra finch manipulates the gene content of its genome during development.
In summary, it seems likely that the zebra finch GRC and other genomes that undergo programmed genome rearrangement have much to teach us about the biology of our own genome and vertebrate genomes in general, particularly as we begin to unravel the molecular mechanisms by which eliminations occur and biological processes that are mediated by germlinespecific genes.
